he appropriate implementation of information technology has been perceived as an important tool for streamlining workflow, improving patient-care quality and safety, and reducing the cost of health care services. To provide optimal care to patients, health care facilities use integrated hospital information systems to disseminate information to various health care professionals. Unfortunately, these systems often have limitations that prevent the automation of the entire medication-use process. In many cases, hospitals must still resort to paper-based documentation to supplement the information systems.
T
he appropriate implementation of information technology has been perceived as an important tool for streamlining workflow, improving patient-care quality and safety, and reducing the cost of health care services. 1 The shortage of pharmacists 2, 3 and nurses 2 in the United States necessitates that health systems implement technology and automation to give them opportunities to use their time more effectively and efficiently. These technology investments are costly, and it is projected that health care provider spending on information technology in the United States will increase from $15.1 billion in 2002 to $17.3 billion by 2007. 4 To provide optimal care to patients, health care facilities use integrated hospital information systems to disseminate information to various health care professionals. Unfortunately, these systems often have limitations that prevent the automation of the entire medication-use process. In many cases, hospitals must still resort to paper-based documentation to supplement the information systems.
In a 2003 patient-safety survey, all respondents agreed that technology can address patient-safety issues and 93% believed that reducing medication errors is the best use of technology. 5 More than half of the respondents (54%) believed that technology saved excessive time on administrative tasks; however, less than half indicated that technology positively affects care quality (42%) and care variability (40%). Interestingly, only 8% indicated that technology can address staffing shortage issues.
Many pharmacy departments struggle to provide direct patient care while facilitating safe medication processing, preparation, and distribution. 6 To date, relatively few facilities have been able to completely eliminate paper-based physician orders through the use of computerized prescriber order entry. 7 As an interim step to automate the transmission of prescribed orders to the pharmacist, many pharmacies are evaluating and using a remote order scanning system (ROSS). These systems use digital scanning technology (and, in some cases, existing fax machines) to convert paper-based prescription orders into electronic documents that can be transmitted to the pharmacy. They provide integrated queuing technology for the logical and automatic segregation of orders received-such as by nursing unit or pharmacist assignment. In addition, these systems can sort documents according to the time they are scanned and place the more emergent orders at the top of the pharmacist's queue.
This article describes the implementation and efficiencies of a ROSS at Baylor University Medical Center (BUMC).
Setting
BUMC in Dallas, Texas, is a notfor-profit university teaching hospital with 997 licensed beds. Before implementation of the ROSS, during a typical day, more than 3000 paperbased physician orders for medications were faxed to the central pharmacy from 40 different inpatient locations in the hospital. Faxed orders may have contained one or more orders for medications.
In the central pharmacy, there were four high-capacity fax machines that received and printed these documents. One of these fax machines was dedicated for stat orders, but it was incumbent on the nurse sending the fax to determine whether the fax contained stat medications. There was no organized tracking system for these prescription orders, and pharmacists simply processed the faxes as they were received. The stat fax machine was given priority over the three routine fax machines.
Fax machine limitations, such as toner-cartridge expiration and paper jams, resulted in delayed or undelivered faxes to the central pharmacy. This led to inefficiencies; pharmacists had to make frequent calls to inpatient nursing locations (and vice versa) to follow up on lost faxes. These limitations caused slower turnaround times since medication verification time was increased. If the nursing staff called about the status of a fax, it was difficult for the pharmacist to locate the fax in question and provide an estimated processing time.
In an effort to better organize workload and overcome these inefficiencies, BUMC began evaluating ROSS technology. There were several vendors that offered these systems, and after a thorough evaluation, BUMC chose to implement the OmniLinkRx physician order management system from Omnicell Incorporated (Mountain View, CA). OmniLinkRx was chosen because of its ability to be used on a hospitalsigned. The preintervention period featured fax-based order transmissions, in which physician-order sheets were faxed to one of four highcapacity fax machines in the central pharmacy. The intervention in this study included the implementation of a ROSS. For the preimplemention and postimplementation phases, data were collected for four weekdays, during an eight-hour daytime shift. Data collection was matched for inpatient locations, pharmacists, days of the week, and shift times for both phases. To reduce variability, inpatient locations were those that were served exclusively by the central pharmacy, rather than those served by decentralized pharmacists. In both phases, pharmacists were generally aware of data collection but were not informed of the purpose of the analysis. Nursing stations were selected in advance on a stratified, random basis.
A data collection sheet was developed to extract data (number of medications per fax, interventions performed by the pharmacists to process and verify the orders, dosage form of medications, order type [now, stat, or routine]) from medication order sets faxed to the central pharmacy. Data were first collected during November 2003, a month before implementation of the ROSS. Postintervention data collection was in May 2004. The five-month interval before the postintervention data collection period allowed pharmacists to become accustomed to the new system. Sample size was determined using the GPower analysis. A sample size of 1066 was considered adequate based on an effect size of 0.2, α = 0.05, and a power of 0.90.
Pharmacist intervention in this study was defined as action in response to any problem encountered with the order sets. Such action included calling inpatient nursing stations for order clarification, dose calculations, contacting physicians for clarification or changes to orders, approved (and provided) hardware platform, its straightforward user interface, its compatibility with existing fax machines and digital scanners, and its ability to create highly customized order queues. Another significant advantage was that scanned orders were stored in Adobe Acrobat format (rather than a less common proprietary format). The system also allowed pharmacists to annotate directly on the faxed orders and provided a format that could easily be stored, transferred, and analyzed for quality assurance purposes. Finally, a thorough cost analysis showed that OmniLinkRx was more cost-effective than other systems evaluated.
The typical OmniLinkRx workstation includes two monitors, one to view the pharmacy information system and the other to view the digitally scanned order document. However, the OmniLinkRx system allows pharmacists to retrieve scanned images of the prescription orders at virtually any computer workstation (without a second monitor) in the hospital by starting both the OmniLinkRx software and the pharmacy information system and toggling between the two applications. From these workstations, pharmacists may review the pending scanned image queue and then process and verify orders. Because nurses may use their existing fax machines, the implementation of this technology required no nurse training. It was also hoped that this technology would streamline order processing, improve pharmacist productivity, and improve medication turnaround time.
We conducted a randomized comparison of efficiencies achieved after hospitalwide implementation of a ROSS to manage physician orders processed at BUMC.
Methods
An experimental preintervention and postintervention study was de-and any other activity beyond standard order verification.
For each phase, the time each medication order was received and verified by the pharmacist was documented. At BUMC, pharmacy orders are received electronically directly into the pharmacy information system after being entered into the hospital information system by the nursing or medical staff. Pharmacists are then required to view the faxed or scanned orders and verify their correctness while reconciling them with the electronically entered orders. The difference between receipt and verification was the time required by the pharmacists to process the individual medication orders. In both phases, the receipt time was the time the order was entered at the nursing unit. In the preimplementation phase, data collection involved synchronization of the internal clock on the fax machines with the pharmacy information system server time to obtain a common baseline time for different inpatient locations. Each day before data collection, the fax machine time was synchronized with the standard server time. During the postimplementation data collection phase, the server time was synchronized with the internal clock in the ROSS. In both phases, the verification time was measured using the pharmacy information system time recorded when each medication order was verified.
The information from data collection sheets was coded in a database and analyzed using the SAS statistical software package, version 9 (SAS Institute, Cary, NC). Descriptive analyses and Student's t test were performed to evaluate the study objectives at a set a priori significance level of 0.05.
Results
A total of 1091 individual medication order sets were included for analysis in the study. Table 1 summarizes overall descriptive statistics for the variables collected and analyzed. The number of order sets collected during each phase was well matched, with 530 collected for the preimplementation phase and 561 collected for the postimplementation phase. The majority of order sets were routine (rather than now or stat), and most were for oral doses. The mean ± S.D. number of drugs per order set was also similar (2.63 ± 2.59 before the ROSS, 2.60 ± 2.46 after the ROSS). For those variables, the differences between study phases were not significant. Pharmacist intervention was necessary more often before the ROSS (11.8% of order sets) than after the ROSS (6.8%) (p < 0.05).
There was a significant reduction in the mean ± S.D. time spent by pharmacists to process and verify a medication order set as well as a reduction in the overall variability of orders by 35% (40.59 ± 56.63 minutes before the ROSS, 26.58 ± 37.50 minutes after the ROSS; p < 0.001).
Discussion
Our results are comparable to those from a study in which time spent by the pharmacists to process and verify medication orders was reduced from 113 minutes to less than 14 minutes after implementation of a similar system. 8 An important distinction is that in our study, the starting point for the preintervention and postintervention periods remained the same and was based on the time the order was sent to the pharmacy, while the starting point in the previously reported study may have also 
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a ROSS = remote order scanning system. b n = 530 for the preintervention group; n = 549 for the postintervention group. c n = 529 for the preintervention group; n = 558 for the postintervention group. d n = 518 for the preintervention group; n = 561 for the postintervention group. e n = 528 for the preintervention group; n = 560 for the postintervention group. There was also a significant reduction in interventions required by pharmacists after ROSS implementation due to a variety of factors, the most important of which was improved legibility of scanned images versus faxed orders printed on paper. The electronic system also provided pharmacists with a tool to enlarge, reorient, and change the contrast of the image of the medication orders, which led to improved readability. This reduction in the faxes requiring intervention resulted in less variability between the time required for order processing before and after ROSS implementation.
Pharmacists in this study were satisfied with the electronic system. By design, the system automatically queues and sorts orders before processing, which reduced the frustration of handling paper faxes in an environment with a high order volume. The system also improved pharmacist-nurse communication, since it helped the pharmacist quickly identify faxed images when called by a nurse. Pharmacists could use an image as an internal communication tool by annotating comments directly on the document and forwarding it to the appropriate person. Under the ROSS, nurses reported an improvement in the efficiency of processing pharmacy orders, and they were pleased with the pharmacists' enhanced abilities to locate orders in question.
Limitations to this study included the absence of a control group for which the order processing system did not change. Although the groups were matched for days, shifts, hour of day, and pharmacists, it is possible that certain procedural biases occurred due to environmental influences such as interaction time with technicians and nurses. However, the general medication order processing procedure remained the same in both periods. In addition, the study did not identify or analyze the type of medications or complexity of orders (other than number of drugs per order set) during the two periods. It is possible that the time taken to process orders might differ if another, later, data collection period were included to determine the effect of history and maturation. Finally, the results of this study are specific to BUMC and cannot necessarily be generalized to other institutions or ROSS products.
Conclusion
Implementation of a ROSS reduced the time spent by pharmacists to process and verify medication orders. Required interventions by pharmacists to process prescription orders were also significantly reduced.
